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When subjected to scene cuts and viewed in real time, the system introduced "bloc1dness"
that was particularly visible following a cut from a complex image to a still. 'Examination of
freeze frames showed that it took about 6 frames (lIlO second) for the "blockiness" to
subside. The artifacts were most visible following a cut to a still, but also were visible
following a cut to a motion sequence.

Artifacts appeared when material was subjected to two encode/decode passes thtoulh the
system. During the first pass, the system introduced hilh levels of noise. Durina the second
pass, the noise was increased, sharpness was reduced, and "blockiness· was introduced.

The DSC-HDTV system exhibited good chrominance dynamic range in red, green, and blue
channels. '

When tested for video-coder overload, DSC-HDTV exhibited no significant failures. ~When

tested for motion-compensation overload with velocities of up to 1.0 picture height per
second, the system exhibited no artifacts. No artifacts were noted in response to a sudden
stop in movement.

In examining video quality for an extended service area, where only' the 2-level component
would be receivable, expert observers concluded that image quality for typical material would
be tolerable only for shon periods.

Subjective judgments of the image quality of Robust Mode DSC-HDTV also were made by
non-experts. The system again performed differently across lelments of test material; on
average, stills were judged to be about 0.8 grade lower in quality than the reference, while
motion sequences were judged to be about 1.4Jrades lower in quality than the refered.. In
general, picture quality differences between Standard and Robust Modes were lftOre evideftt
for stills than for motion sequences. For most stills, dte difference in unimpaired video
quality between Robust Mode and Standard Mode was evident tonon-expen observers. '
Furthermore, for all rttaterials, expen observers could discinauish euily amona _n:e,
Standard Mode, and Robust Mode (expert commencary judpd the Robust Mode not to
produce- HDTV-quality imaaes). Expen commelUUy aarlbutes the lower performance of the
Robust Mode DSC-HDTV system to a significant 1011 in retoIution. For the Robust Mode,
experts also noted increased susceptibility to source noise for some pictures, increased
"blockiness" following a scene cut, and increased visibility of "blockiness" in tests of video
coder overload.

6 For the electronically ,eoerated still (SI4) aad motion sequcace (M16), Robust Mode DSC-HDTV was
judged equivalent to the refereoce. The average differeoces reponed here do DOt include these values.



·

Pase 11-12 ATV SYSTEM RECOMMENDATION

11.4.1.2 Audio Quality

There was no evidence that the audio system failed before the accompanying video.7

Objective tests were performed for dynamic range. total harmonic distortion (THD),
THD+noise (THD+ N), intermodulation distortion (lMD). dynamic intermodulation
distortion (DIM), frequency response! and overloed vs. frequency. The dynamic range for
the DSC-HOTVsystem wu found to be 88 dB. THD was typically less than 0.1 %. For
high level signals, THO +N was 0.1 % or less for frequencies above 500 Hz, and less than
0.2% for lower frequencies to 20 Hz. IMD was approximately 0.02% for both channels.
Frequency response was extremely flat from 20 Hz to 20 kHz.

For co-channel interference of ATV-into-NTSC, at both moderate and weak signal level,
when the video impairment was "slightly annoying" the BTSC audio began to degrade. For
upper adjacent-channel interference of ATV-into-NTSC, one receiver always showed
interference. one never did. and the third showed that audio began to degrade when the video
quality was "slightly annoying." In the test of ATV co-channel interference into NTSC,
DSC-HDTV caused no significant degradation of NTSC VBI data.

11.4.2 Transmission Robustness

In most regards, DSC-HDTV performed as predicted by the proponent. Its performance
equalled or exceeded that of NTSe in almost aU· impairment conditions. Typically, the
system exhibited immunity to a variety of transmission impairments over a wide range of

. impairment levels. Transmission impairments and interference, when strong enough,
produced large shimmeriIll areas of noisy video, visible blocks of various sizes, and patches
of erroneous data. In most instances, the intensity and hue of damaged portions of the image
were similar to the correct video around them; only very rarely were there blocks of stronlly
contrasting color or luminance. In the extended service area where just the 2-level
component would be receivable, expert observers concluded that the 2-level data would have
utility only for short, temporary, and infrequent signal fading. There was no evidence that
the audio system failed before the accompanying video.'

DSC-HDTV interference into NTSC had the characteristic of white noise and produced a
graceful degradation. Cable transmission caused no adverse effect on DSC-HDTV
performance.

7 See Sectioo 8.3.1.

• A special audio task force detected DO audio impairmeDIS within the range of available data where
impairments to video varied from wunperceptiblew to wvery annoyiog. W
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Noise Performance
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When DSC-HDTV was subjected to randomchaDnel noise (baled on a 6 MHz noise
bandwidth). the carrier-to-noise ratio' (C/N) at the TOV was measured and is shown in
Figure 11-1. This was also the noise threshold of the 4-level data. The system had a sharp
degradation - the range between TOV and the point of unusability (POU) was 1.25 dB. The
2-level noise threshold was measured to be at a C/N of 11 dB. The Robust Mode noise
thresholds. both 4-level and 2-level. were measured to be 0.5 dB lower than for the StaManl
Mode.

For video material used in testing. most imaaes other tbaft stills required significant amouats
of 4-level data. In the extended service area where just the 2-level component would be
receivable. expert observers concluded that the 2-level data would have utility only for shott.
temporary. and infrequent signal fading.

t
11.4.2.2 Static Multipath

The system performed well at levels that would be highly objectionable in NTSC. The TOV
for echoes of +0.081J.sec. +0.32 1J.sec and +2.56 P.scc occurred at DIU ratios of3.3 dB
(Le., echo amplitude of 68%), 4.6 dB (59%). and 5.5 dB (53'1). respectively. For an ecbo
of -0.08 /lsec, no impairment was observed up to the DIU limit of 0 dB.

11.4.2.3 . Flutter

The TOV for airplane flutter of 2 Hz and 5 Hz were at DIU levels of 12.6 dB (23%) and
17.0 dB (14%) respectively.

11.4.2.4 Impulse Noise

•

Impulse noise performance was judged to be better than NTSC by approximately 27 dB for
TOV. The range between TOV and POU was about 6 dB.

In the.gated noise test at a fixed 10 Hz ~tioIl rile, rov was reacbed when. pulse
width was increased to 21 1J.sec. Pulse width at POU was greater by approximately a~r
of 10. When the pulse width was decreased to 18 p.sec. TOV was reached when the pulse
repetition rate was increased to 280 Hz.

9 Caution must be exercised in comparing ClN between &DIlos IDd diJital systems, as definition of cai'rier
levels is not consistent. Measurement of power level is consistent, however, among digital systems. (See
section 8.3.6.)
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11.4.2.5 Discrete Frequency Interference

The DIU ratio at the TOV for disczete fzequency interference was -45 (±3) dB in the first
adjacent channels. and between -7.3 dB and +14.0 dB in-band.

11.4.2~6 Cable Transmission

The subjective tests showed that cable transmission per se had no adverse effect on
DSC-HDTV performance. .

Among ,the cable-specific Iest$ conducted. the system performed better than NTSC when
subjected to hum (TOV. 11 ~); composite triple beat, or CTB,(TOV @ -11 dBc);
composite second·order. or eso, (TOV @ -20 dBc); and local oscillator instability
(> + 100 kHz, < -100 kHz). Its performance was poorer than NTSC when subjected to
phase noise (TOV @ -82 dBc) and residual FM (TOV @ ±1.2 kHz).

The threshold values for the ancillary data channel were consistent with the values found in
other tests for Gaussian noise. CTB, hum modulation, and phase noise for 4-1evel data. For
2-level data CTB performance was 1 dB worse than 4-1evel. For Gaussian noise, hum, and
phase noise, 2-level data performance was at least 6 dB better than 4-1evel.

11.4.2.7 Co-Channel Interference into ATV

DSC-HDTV was much more robust than NTSC to co-channel interference from either NTSC
or ATV.

ATV-into-ATV results are summarized in Figure 11-1. The system performance exhibited a
sharp degradation when ATV co-channel interference was increased beyond TOV. The range
from TOV to POU was about 2 dB.

NTSC-into-ATV results are shown in Figure 11-10. Impairment ratings varied from
"imperceptible" to "very annoying" over a range of about 6 dB for the two motion
sequences. For the still, however. the rating remained uniformly close to "imperceptible"
over the test range.

11.4.2.8 Co-Channel Interference into NTSC

For co-channel interference into NTSC, impairment ratings varied gradually from
"imperceptible" to "very annoying" over a range of 22 dB at weak desired signal level. (see
Figure 11-11). The DIU for a mean impairment rating of 3 was about 35 dB. The
interference appeared as random noise in the NTSC picture, plus a narrow vertical bar.



4 *

ATV SYSTEM RECOMMENDATION Pye 11-15

•

s
. ..-..- -_.. .- -_. -- ".'" ._- .--_. - .__ _~ _.- ._ -

f-..._ ..- ._-...-- ._.-. _ ....-_...-_.... _ ..._ ... _ ....--- .... --

W.W,ADaMIS11) ~ co:DJo

<> DenIMS)

. Mlan

o_···_····_·--_····_···_····_····--·_·r-·-····_····-···.-
'----------' 4

t.
..... -- _..,-- ---- _._--- _._- _ __ _ _ ~-_ .._ _._ -

Very Annoying 1

Annoying 2

Flarceptlble. but ..
not Annoying

eo 50 ~ 30 20 10

~m.TO-UN:&MD RA110 (In dB)

o -10

Figure 11-10. The performance of DSC-HDTV when subjected to NTSC co-channel
interference for weak signal condition (-68 dBm).
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Figure 11-11. Impairment to NTSC when subjected to DSC-HDTV co-channel
interference for weak signal condition (-55 dBm).
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11.4.2.9 Adjacent-Channel Interference

The DIU ratio at the TOV for adjacent-channel interference into ATV is given in
Figure 11-1. The DIU ratio for a mean impairment rating of 3 for adjacent-channel
interference into NTSC is given also in Figure 11-1. Note that the more negative the DIU
ratio, the better the performance. In practice, it is expected that the DSC-HDTV signal
would be transmitted with an average power at least 10 dB lower than NTSC peak power.
Under this assumption, the data indicate that DSC-HDTV suppons collocation.

The system exhibited a sharp degradation when subjected to adjacent-channel interference
from NTSC and ATV. The range from TOVto POU was between 1 and 3 dB.

ATV-into-NTSC mean impairment ratings varied from "imperceptible" to "very annoying"
over a range of 14 dB for upper adjacent-channel and 18 dB for lower adjacent-channel.
Mean impairment ratings varied from "perceptible, but not annoying" to "annoying" over a
range of 6 dB for the upper adjacent-ehannel and 5 dB for the lower adjacent-channel.

11.4.2.10 Taboo Interference

The taboo performance of DSC-HOTV, based on TOV, is given in Figure 11-12. Note that
the more negative the DIU ratio, the better the performance.

ATV-imo-NTSC NTSC-imo-ATV ATV-into-ATV
CHANNEL Suong Weak Suoq Weak Strong Weak

n+2 < -1* -28 <-33* <-58* <-32* -56

n-2 < -3* -24 <-33* <-58* <-32* -59
n+4 < -4* -25 <-33* <-58* <-32* -55
n+7 < -3* -34 <-33* <-58* <-33* <-63*
n-7 < -3* -35 <-33* <-58* <-33* <-63*
n+8 < -3* -36 <-33* <-58* <-33* <-62*
n-8 < -5* -34 <-33* <-58* <-33* <-63*
n+14 < -1* -26 <-33* <-58* <-33* <-63*
n+15 < -2* -17 <-33* <-58* <-33* <-63*

• Determination ofTOV level was beyoDd the limits of ATrC's RF test bed range. Consequemly, the
system perfonnaoce was better than the iDdieated result.

Figure 11-12. Taboo threshold of visibility for DSC-HOTV (DIU in dB).

In practice, it is expected that the DSC-HDTV signal would be transmitted with an average
power at least 10 dB lower than NTSC peak power. Under this assumption, the data show
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• that DSC-HDTV could suppon collocation on the basis of taboo channel interference
requirements.

11.4.2.11 Channel Acquisition

Under a variety of heavy impairment conditions, the DSC-HDTV system fully acquired the
signal and displayed a recognizable picture within 3 seconds. Under a variety of moderate
impairment conditions, a recognizable picture was displayed within 1 second.

11.4.2.12 Failure and Recovery Appearance

•

In general, all transmission impairments had similar manifestations in the observed video.
When transmission path impairments or interfering signals were strong enough to be visible
in the desired picture, they caused large "shimmering" areas of noisy video. visible ~locks of
various sizes, and patches of erroneous data. In most instances, the intensity and hue of the
damaged portions of the image were similar to the correct video around them; only very
rarely were there blocks of strongly contrasting color or luminance. Depending on the level
of the impairment and complexity of the desired image. the effects of the impairment
persisted for about 2-5 seconds after the impairment was removed. Higher levels of
impairment created more frequent and larger affected regions. Complex images were more
prone to visible effects of a given impairment level than were simpler images.

During a loss of signal, or when the signal was overwhelmed with impairments. the image·
"dissolved" into blocky artifacts or barely recognizable video and then froze. Upon
reacquisition, the blocks "dissolved" into a good image in a period of 2-5 seconds.

11.4.2.13 Peak-to-Average Power Ratio

The peak-to-average power ratio was less than 6.3 dB 99% of the time, and less than 7.6 dB
99.9% of the time.

11.4.2.14 Multiple Impairments

The performance of DSC-HDTV. when simultaneously subjected to mUltiple impairments. is
shown in Figure 11-13 for two cases:

(1) The TOY and POA for NTSC co-channel interference versus random noise. and

(2) The TOY for composite triple beat versus random noise.

Asymptotes are shown reflecting the measured silllte .impairment performance. The
operating region lies above and to the right of the respective curves.
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leak factor. This can be used for VCR forward or reWl1e scan IIlOda when only a smaIl
portion of each compressed frame is acquired. In Iddition, the segment headers are needed
to identify the slice numbers from the acquired data. The picftR wouldapptar "blocky"
with some slices lost, but suitable for rapid searchina. Still frame is simple if the VCR had
been playing. If random~ to a particular frame on the fIPe is required, the docodina of
several frames leading up to it is needed to achieve full quality. Splicing is optimal if each
splice starts with a scene change.• Otherwise, the decoder can be sianaled to. initiate a ..
factor inversion for fast stanup at the beginnil1J of each splice or insen. Cropping is possible
by manipulation or replaoement of comJftSled slices. Image processing for special effects is
best performed in the pixel domain after decoding. Square pixels and progressive scanning
simplify the implementation of special effects. .

11.4.4

11.4.4.1

Extensibility

To No Visible Artifacts

The proponent suggests a rate of 41 Mbitslsec for no visible artifacts regardless of detail and
motion, and claims that this can be accomplished with a small change to the compressed
video interface.

11.4.4.2 To Studio Quality Data Rate

Claims are made that the compressiol1 techniques used for the broadcast of DSC-HDTV are
easily simplified to produce a 200 Mbitslsec signal for use in the studio. This signal uses
only intraframe processing, and thus is suitable for all editiDa aDd ~ial effects processing.
The claim is made that the quality is sui.-te for multiple decodinaJencodina as required.
This bit rate is suitable for serial data interfaces and also for video tape recording on D-l
VTRs.

11.4.4.3 To Higher Resolution

If it is desirable in the future to maintain higber pixel numbers in the production studio, the
higher-resolution signal could be compressed into the 200 Mbitslsec studio signal plus a high
frequency residual signal. The standardDSC-HDTV IJIfeIIl would code the studio signal
frames, and a simple augmentation encoder would cede the residual signal. The final output
of editing or special effects could still be recorded using the 200 Mbitslsec portion of the
compressed signal.

11.4.4.4 Provision for Future Compression Enhancement

•

The proponent suggests that the comprusion aJgoridIm permits improvements in the selection
of vector quantization patterns from the codebook, motion estimation. perceptual error
threshold computation. buffer control, leak adaptation, and transmission prioritization. These
improvements can be made without changing receivers or the transmitted data rate.
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11.4.5 InteropfnbUity Coaslderations

11.4.5.1 With Cable Television

Information on the performance of DSC-HDTV over cable can be found in Section 11.4.2.6.

11.4.5.2 With DigitBI Technology

Since this system is all-di.ital, the advantages of all-digical systems apply.

11.4.5.3 Headers/Descriptors

The tested system did not have explicit headers and descriptors. However. ancillary data
space was provided for a number of purposes including headers/descriptors.

11.4.5.4 With NTSC

As the DSC-HDTV.Jine-rate is directly related to NTSC. transcoding to NTSC is
straightforward. Conversion to and from NTSC has been demonstrated using real-time
hardware. Up-conversion from NTSC requires line tripling. horizontal line-rate conversion
and interpolation.

11.4.5.5 With Film

The encoder buffer control automatically deteets the presence of 24 fps or 30 fps scene
material from film sources. When a film source is dellCted. an alternate buffer control
algorithm will be used which takes advantage of repeated frames in the source and minimizes
variations in distortion between repeated frames. If film is deteeted. all video segments will
undergo 2-level transmission for maximum cOverage area and minimum video data rate. The

. alternate buffer control for film mode was not completed in time for testing.

11.4.5.6 With Computers

Progressive scanning and~ pixels, both of whidl _ used in this system, are important
factors for interoperability of an HDTV system with computers. The frame rate used in
DSC-HDTV is 59.94 Hz.

11.4.5.7 With Satellites

The maximum total data rate for DSC-HDTV is 21.5 Mbitslsec. As satellite data
communication channels use a constant bit rate, the variable bit rate used by DSC-HDTV for
terrestrial transmission makes it necessary for the bit Strellll to be reformatted for satellite
transmission. The reformaued· bit stream must contain the data needed to permit
reconstruction of the variable-rate bit stream for separate 2-level and 4-level terrestrial
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modulation. The proponent has suggested transmittina two programs per cbannel usina TDM
or SCPC in a 36-Mhz transponder. and has considered both two programs/channel and one
program/channel DBS scenarios.

11.4.5.8 With Packet Networks

The DSC-HDTV symbols are organized in a form of packet structure using fixed-length dIaa
segments. Segment headers include pointers to slices (64H x 48V). so that packet loss results
in loss of, at most, a few slices prior to error COIICIIlmeDt.Tbe legments IIIaQ up data
frames of duration 1/59.94 sec. In order to carry DSC-HDTV on an ATM network, the data
in data frames would be enapsulated in the ATM cell structure.. While the number of bics in
a data frame varies because of the 2-level transmission. circuit-switched networks use
constant bit rate. The proponent suggests repeating 2-level segments for added robustness to
fill out the data stream for a constant-bit-rate channel. For a packet network, packets can be
used as needed to carry the actual varying bit rate. When cell loss is detected. the decoder
will perform error concealment by replacing missing segments with default data or with pixel
data from a previous frame.

11.4.5.9 With Interactive Systems

The proponent claims that the delay through the encoder and decoder for the DSC-HDTV
system is about 14 frames (224 msec). The propoBent claims that an enha.nceJnent to the
current system allows the latency to be determined by the encoder for interactive applications
that require lower latency. Acquisition time is reponed in Section 11.4.2.11. :

11.4.5.10 Format Conversion

,

11.4.5.10.1 With 1125/60

Up-convening to the Common Image Format (1920 x 1(80) requires 2:3 interpolation
horizontally and venically. SMPTE 240M uses 1035 acaive lines and would require 16:23
vertical interpolation. Colorimetry is the same as SMPTE 240M.

11.4.5.10.2 With 1250/50

This difficult conversion is somewhat easier with a progressive system such as DSC-HDTV
than with an interlaced system.
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11.4.5.10.3 With MPEGIO

Although the DSC-HDTV decoder shares many commonalties with MPEG-l decoders, the
DSC-HDTV decoder would require modification to decode MPEG-l. MPEG-l decoders will
not decode DSC-HDTV.

11.4.5.10.4 With Still Image

The proponent suggests that convenions with JPEG. Photo CD and CD-1 are possible with
straightforward spatial filterina after decompression without the flicker that might be
introduced by an interlaced display. In simple cases, line and sample doubling or sub- .
sampling may suffice.

11.4.5.11 Scalability

It is possible to process the 2-tevel data only and display the images corresponding to that
portion of the video information. Decoding only 2-level data will result in a substantially
reduced-quality image for scenes that are difficult to encode (requiring large amounts of.
4-level data). In such a case, the loss of the 4-level data affects both the temporal and spatial
resolution. Where temporal scaling is needed, the process is simplified by the progressive
scan used in DSC-HDTV. The proponent has suggested using the motion vectors available at
the decoder to perform motion-compensated frame interpolation. The proponent suggests that
picture-in-picture be done by windowing on slice (64H x 48V) boundaries.

11.5

11.5.1

11.5.1.1

SYSTEM IMPROVEMENTS

Already Implemented

Vertical Noise Coring in Video Source

The purpose of this improvement wasta increase overall coder efficiency and improve
picture quality by reducing the number of bits wasted on coding noise. Vertical source-noile
coring has been added to the existing horizontal source-noise coring.

11.5.1.2 . Improved Quantizer Vector Selection Codebook

To reduce twinkle in still pictures and visible artifacts in noisy or complex pictures, entries
have been added to tables contained in the encoder and decoder. There were no hardware
changes.

10 See Section 8.3.8 for a discussion of MPEG,the MPEG-l standard, and the MPEG-2 development
effon.
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11.5.1.3 Modified Quantizers, Perceptual Weilhu, Scale Factors, and Variable Length
Codes

•
To reduce anifaets in saturated color regions, in complex or noisy pictures, and for iso
luminance patterns, entries in a variety of tables in the encoder and decoder have been
modified. There were no hardware changes.

11.5.1.4 Improved Leak Calculation

The purpose of this improvement was to remove temporal breathing, reduce buffer
t oscillations, and improve overall coding efficiency. The method of fixing "limit cycles"

associated with leak has been replaced.

11.5.1.5 Improved Error Concealment via Unity Leak

• The purpose of this improvement was to conceal erron in still pictures and, where aeturate
motion vectors are available, in motion pictures. In the presence of heavy errors, unity leak
is used to replace blocks with errors. Only the decoder was affected.

•
11.5.1.6 Modified Buffer Control, Increased Decoder Efficiency and Controlled

Audio/Video Delay

•

To provide faster scene changes and a better distribution of 2-level and "level segments,
parameter changes have been made in the encoder. To control the relative delay between the
audio and video display, modifications have been made in the encoder and decoder.

11.5.1.7 Reduction of Pilot Level

To improve upper-adjacent ATV-into-NTSC interference and to lower transmitted signal
power, the pilot level for both 2-level and 4-level data has been reduced by 3 dB.

11.5.1.8 Changes in Offset Frequency and Dispenion

To eliminate a color stripe observed in ATV;,into-NTSC CCH:1wme1 interference tests, the
transmitter carrier frequency has been offset an additional 30 Hz.·

To lower the peak-to-average power ratio by 1.5 dB, a change has been made in the
dispersion.

The purpose of this improvement was to correct a hardware problem in the decoder that
caused a timing fault in the compressed video data deformatter, giving occasional undeteeted
errors in a given slice (64H x 48V pixel block).

•

,

11.5.1.9 Correction of Slice Error Problem
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II.S.1.10 Filtering of Input to Motion Estimator

The purpose of this improvement was to overcome a "half-pel" flashing block problem that
occurred when an accumulator overflow condition caused erroneous motion vectors to be
computed for several 32H x 16V blocks in a scene.

11.5.1.11 Adaptive Two-Dimensional Source Filtering

To improve picture quality, especially for complex pictures, a slight spatial two-dimensional
frequency roll-off is performed in the input to the encoder based on an estimate of picture
complexity. Only the encoder was affected.

11.5.1.12 Optimization of Decimation Filter for Coarse Motion Estimation

To reduce "swarming" artifacts in high frequency regions, e.g., high frequency zone plates,
the decimation filter has been relaxed providing bener coarse motion estimators. Only the
encoder was involved.

11.5.1.13 Optimized Selection of Segments for 2-Level Transmission

The purpose of this improvement was to provide better picture quality when only 2-level data
can be received. Parameters have been adjusted to change the selection of segments sent as
2-level data. Only the encoder was involved.

11.5.1.14 Two DSC-HDTV Programs in One 6 MHz Cable Channel

The pUlpOse of this improvement was to provide two DSC-HDTV programs on a single cable
channel. A 16-VSB transmission format is used to achieve a 43 Mbitslsec data rate.

11.5.2

11.5.2.1

Implemented in Time for Field Testing

Spatially Adaptive Leak

To improve the coding of pictures that contain partial scene changes, extreme amount$ of
uncovered background, or very high amplitude source noise, changes will be made to the
encoder and decoder to permit the encoder to vary the leak value on a block-by-block basis.

11.5.2.2 Faster Adaptive Equalizer that Adapts on Data

To be faster and have better tracking of time-varying multipath signals in the receiver, the·
adaptive equalizer will adapt on data.
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• 11.5.2.3 ATSC T3/186 Audio and Flexible Assignment of Audio. Video. Ancillary and
Conditional Access/Encryption Data

•

To fulfill the audio requirements ofT3/186, a S.l-cbanne1 sound system will be implemented
using the Dolby AC-3 system. and two additional independent audio channels will be
implemented using the Dolby AC-2A system. This choice may be revisited if another audio
sub-system becomes available before testing begins.

To allow flexible allocation of data, headers will be included. Flexible allocation capability
will be implemented to the extent that the interfaces to the various services to be carried are
adequately specified.
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12. ADVANCED DIGITAL HDTV

12.1 SYSTEM OVERVIEW

Pye 12-1

•

AD-HDTV, proposed by the Advanced Television ··Ramch Consonium (ATRC) is a dilital
simulcast system that requires a single 6 MHz televisioll ttansmiaion channel. J The ATRC
includes: David Sarnoff Research Center, North American Pbilip•• Thomson Consumer
Electronics, NBC. and Compression Labs, Inccxporaced. The AD-HDTV video source is an
analogRGB signal with 10s0 lines, 2:1 interlaced. I 59.94 Hz field rate. and an aspect ratio
of 16:9. A matrix conveRs the ROB color signals to V-Cr-Cb components. conforming to
the SMPTE 240M representation and colorimetry specification. The luminance video
sampling frequency is 56.64 MHz. The source and display format is interlaced with ,960
lines by 1500 pixels per line. To create the internal progressive scan format used by' the
system's frame based coding. the interlaced source is tmnlcoded into a 960 line by 1248
pixels per line. progressively scanned, 29.97 frames per second format. After format
conversion. the two color-difference signals are decim8led by a factor of two both
horizontally and vertically. resulting in a sampling density one fourth that of the luminance
signal. The video compression uses an adaptation of the MPEG-l (Moving Picture _pens
Group) standard.2 The system uses two separate transmitlion channels. each with 32 QAM
modulation. totaling 24 Mbitslsec. The high priority (HP) c1wlnel carries 4.8 Mbitslsec of
data and is of higher power than the standard priority (SP) channel with 19.2 Mbitslsec of
data. The purpose of the two-channel approach is to provide a measure of "graceful
degradation" and to reduce co-channel interference from and into NTSC. The audio chanDels
are compressed using a proprietary standard caUed MUSICAM that is related tG layers 1 and
2 of the 3-layer MPEG audiO standard. The audio is ~pled at 48 kHz with 16 bit .
precision. Audio in the tested system supported two stereo pairs of 256 kbitslsec each; they
were transmitted in the HP channel. An additional 256 kbitslsec was provided for data.

12.2 SPECTRUM UTlLIZAnON

The AD-HDTV analysis 'was conducted under two allotment ICenarios (usb. both VHF and
UHF channels for ATV stations. and using only UHF chaDnels) and two sets of interference
constraints (considering only co-channel interference. and both co-ebannel and adjacent- .
channel interference). In addition. the impact of taboos was assessed by re-calculating

I The ATRC was unable to deliver its AD-HDTV.,-IO" _lIbOntories It die beIiDDioI of die
scheduled test slot. The ftSUkilll deIIy slipdy tIUIICII8d ... pedJnDed OD die systaD. ID addidoa, ID
incorrectly iocluded filter in the AD-HDTV tuBer wu discoveNd -....m,. TIle Advisory Committee
decided to rerun certain tests after the proponent replaced die iDcorrect filter. Subsequently, SSIWP2 agreed
that the data from the retest, DOt from me correspoodiq oriJiaalleSt, sbould be used by the Advisory
Committee for analysis and evaluation of the propooent's system.

Z See Section 8.3.8 for a discussion of MPEG. the MPEG-I standard, and the MPEG-2 development effort.
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coverage and interference for each case assuming the taboo performance measured in the
laboratory.

Figure 12-1 shows planning factors, specific to the AD-HDTV system, as derived from test
results.3 The numbers in the figure are desired-to-undesired ratios (DIU) in dB. The values
for incerfere11Gle into NTSC are -based on CCIR Impairment Grade 3 (slightly annoying) as
determiMd from the ATEL subjective tests." Because the ATV service is intended to be an
improvement over NTSC, interfeNnce into ATV is based on CCIR Impairment Grade 4
(perceptible but not annoyiftl) if the range between TOV and POA exceeds S dB. Otherwise,
the TOV power level is used. AD-HDTV demonstrated a "cliff effect" and thus DIU values
are based on TOV data. Also, the data show that AD-HDTV can suppon collocation on both
the upper and lower adjacent-channels.

Co-Channel D/U (dB)

ATV-into-NTSC +34
NTSC-into-ATV +0.50

ATV-into-ATV +19.1

JCarrier-to-Noise j +18.4 ,

Adjacent-Channel D/U (dB)

Lower ATV-into-NTSC -16.0

Upper ATV-into-NTSC -8.9

Lower NTSC-into-ATV -38

Upper NTSC-into-ATV -36

Lower ATV-into-ATV -33

Upper ATV-into-ATV -16.8

Figure 12-1. Planning factors specific to AD-HDTV.

12.2.1 Accommodation Percentage

AD-HDTV could provide a 100% accommodation of all NTSC assignments for co-channel
only, and co-channel and adjacent-channel constraints, under both the VHF/UHF and UHF
scenarios. The accommodation is achieved at the expense of reducing the ATV and NTSC
service areas. No attempt was made to reduce interference to NTSC service by adjusting
either ATV or NTSC power.

3 As detCrmiDecl by SSIWP2, spot check data are DOt iDcluded in Fipre 12-1; however, spot check data,
marJiDally differeat &om die oriliDal data, were used in specIIUIIl uDlizadoa aaalyses. The spot check data
used by PSJWP3 were for Co-CIwmeI NTSC-iDtO-ATV (0.82 dB), Co-CIwmeI ATV-into-ATV (18.4 dB), and
Carrier-to-Noise (18.1 dB). Spot check data were used also for tbe effect of taboo imerfereoce. Use of the
origiDal clara would have affecMda11 die specUUDl utiliZllioB..-.Its. For example, use of spot cbeck data is
believed to affect C<H:baoDd iaterfelftCe results by sliJbdy improvilJl ATV·iDtO-NTSC and ATV-into-ATV,
and to a lesser degree, worseDing NTSC-into-ATV.

4 For spectrum utilization analysis, a correction factor was applied to weak signal level TOV data to
estimate a CCIR Impairment Grade 3 for Adjacent-ChanDeI Upper ATV·into-NTSC because subjective
assessment was not performed at weak signal level.
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Figure 12-2 depicts the interference-limited service area of each ATV station, during the
transition period, relative to the interference-limited lefYice area of its companion NTSC
station under the VHF/UHF scenario, taking into account both co-channel and adjacent
channel constraints. In this graph. the 1.657 current NTSC stations are placed in order of
decreasing ATV to NTSC service area ratio. Exami..tion of the Il'IPh reveals that lO.3~

(170) of the ATV stations under this scenario would have an ATV service area at leqt 20~
larger than their companion NTSC service area and 9S~ (1.579) would have an ATV service'
area at least 80% of their companion NTSC service area. The total ATV interference-limited
service area for all 1,657 stations is 39.2 million square kilometers.

Figure 12-3 shows the interference statistics for the VHF/UHF scenario. During the
transition period, 46.5 %of ATV stations would receive no interference. This would rise to
55.2% after the transition period ends. Also during the transition period 3.4% of the ATV
stations would receive interference in more than 35 % of their noise-limited coverage area.
This would fall to 3.2% after the transition period ends. The total interference area created
within the ATV noise-limited coverage area during the transition period is 2.94 million
square kilometers. This would decrease to 2.45 million square kilometers after the transition
period ends. Of the existing NTSC stations, 55.7. would not receive any new interference
because of the ATV service. while 2.8% would receive new interference in more than 3S~

of their Grade B area. The total new interference into NTSC created under this plan is 1.77
milJion square kilometers.

When taboos are included in the interference calculations for the VHF/UHF scenario. th~

number of ATV stations with no interference during the transition period is 43.2 %; the
number of ATV stations with interference in more than 35% of their noise-limited coverage
area is 3.4%. The number of NTSC stations receiviDa no new interference is SO~OI; dle
number of NTSC stations with interference in more than 35~ of their Grade B area is 3.1~.

When the adjacent-channel constraints of Figure 12-1 are not inclUded in the VHF/UHF
scenario. the allotment/assignment table is different. In that cue, 17.5~ (290) of the ATV
stations would have an ATV service ata at least 20S Jaqer 1ban their companion NTSC
service area and 99% (1.633) would have an ATV lervice area at least 8O~ of their
companion NTSC service area. During the transition period, 76.0" of ATV stations would
receive no interference. This would rise to 80.1 S after dle trlDSition period ends. Alia
during the transition period, 0.9% of the ATV S1Itions weuIcI ~ve interference in more
than 35% of their noise-limited coverage area. Thil would remaill at O.9S after the
transition period ends. Of the existing NTSC stationst 62.6" would not receive any new
interference because of the ATV service. while 2.3S would receive new interference in more
than 35 % of their Grade B area.

Figure 12-4 depicts the interference-limited service area of each ATV station, during the
transition period, relative to the interference-limited service area of its companion NTSC
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service Aruof Accommodated ATY Station "-"ted to service Area of ItI NTSC Companion
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Figure 12-2. AD-HDTV VHF/UHF Scenario - Interference-limited service area of
eich ATV station relative to the interference-limited service area of its companion
NTSC station (~hannel and adjacent-channel constraints).

IDterfereace Area ATV Statioos with Incerfereace NTSC StatioDS with
Compared to

During Transition After Transition
Added Imerference

Coveraae Area Due to ATV

No Interference 46.5 t 55.2 t 55.7 t
o - 5 t 20.5 t 18.5 t 15.9 t
5 - 10 t 13.5 t 10.0 t 9.0 t

10 - 15 t 7.6 t 6.3 t 6.5 t
15 - 20 t 3.9 t 2.8 t 4.0 t
20 - 25 t 2.3 t 1.9 t 3.0 t
25 - 30 t 1.6 t 1.4 t 1.5 t
30 - 35 t 0.7 t 0.6 t 1.6 t

> 35 t 3.4 t 3.2 t 2.8 t

Figure 12-3. AD-HDTV VHF/UHF Scenario - Interference characteristics (co-channel
and adjacent-channel constraints).
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Figure 12-4. AD-HDTV UHF Scenario - Interference-limited service area of each
ATV station relative to the interft.rence-limited service arta of its companion NTSe
station (co-channel and adjacent-channel constraints).

Interfereuce Area ATV Statioas wicb _rfIracc NTSC SIId4B widl
Compared to

DuriDI·Trulirioa M.Tn..... Added~

Coverqe Ala Due lIOATV

No Interference 46.8 t 52.7 t 59.7 t
0 - 5 t 17.0 t U.S t 9.4 t
5 - 10 t 10.4 t 8.9 t 6.0 t

10 - 15 t 7.6 t 5.8 t 4.1 t
15 - 20 t 5.0 t 4.5 t 2.9 t
20 - 25 t 3.4 t 2.6 t 3.0 t
25 - 30 t 2.5 t 2.1 t 2.8 t
30 - 35 t 1.9 t 1.8 t 2.4 t

> 35 t 5.3 t 5.2 t 9.7 t

Figure 12-5. AD-HDTV UHF Scenario - Interference characteristics (co-channel and
adjacent-channel .constraints).
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station under the UHF scenario. taking into ICCOUntboth co-channel and adjacent-channel
constraints. In this graph, as before, the 1,657 current NTSC stations are placed in order of
decreasing ATV to NTSC service area ratio. Examination of the graph reveals that 10.7%
(178) of the ATV stations under this scenario would have an ATV service. area at least 20%
larger than their .companion NTSC service area and 92~ (1,531) would have an ATV service
area at least 80% of their companion NTSC service area. The total ATV interference-limited
service area for all 1,657 stations is 37.8 million square kilometers.

Figure 12-5 shows the interference statistics for the UHF scenario. During the transition
period, 46.8% of ATV stations would receive no interference. This would rise to 52.7%
after the transition period ends. Also during the transition period, 5.3 % of the ATV stations
would receive interference in more than 35 %of their noise-limited coverage area. This
would fall to 5.2 % after the transition period ends. The total interference area created within
the ATV noise-limited coverage area during the transition period is 3.43 million square
kilometers. This would decrease to 3.00 million square kilometers after the transition period
ends. Of the existing NTSC stations, 59.7% would not receive any new interference because

. of the ATV service, while 9.7% would receive new interference in more than 35% of their
Grade B coverage area. The total new interference created under this plan is 2.53 million
square kilometers.

. When taboos are included in the interference calculations for the UHF scenario, the number
of ATV stations with no interference during the transition period is 43.8%; the number of
ATV stations with interference in more than 35~ of their noise-limited coverage area is
5.3%. The number of NTSC stations receiving no new interference is 54.0%; the number of
NTSC stations with interference in more than 35% of their Grade B area is 10.2%.

When the adjacent-channel constraints of Figure 12-1 are not included in the UHF scenario,
the allotment/assignment table is different. In that case, 15.2% (252) of the ATV stations
would have an ATV service area at least 20% larger than their companion NTSC service area
and 96% 0,587) would have an ATV service area at least 80% of their companion NTSC
service area. During the transition period, 63.3~ of ATV stations would receive no
interference. This would rise to 70.1 ~ after the tranIition period ends. Also during the
transition period, 2.9~ of the ATV stations would receive interference in more than 35~ of
their noise-limited coverage area. This would remain at 2.9% after the transition period
ends. Of the existing NTSC stations, 63.9% would not receive any new interference because
of the ATV service, while 8.6% would receive new interference in more than 35% of their
Grade B area.

The frequency distribution of ATV station average effective radiated power levels needed to
achieve ATV noise-limited coverage comparable to NTSC Grade B coverage was calculated.
The maximum average effective radiated power level was 40.42 dBk (11,000 kW). The

. results are shown in Figure 12-6.
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N....r of tv SaMioas

Average EffectiveRldiated Power Level vat:iUHI kaIrio UHF $Ccaario
Low Hitk

(dBt) (kW) VHF VHF UHF UHF

Less than 5 Less than 3.2 10 20 89 89
5 - 10 3.2 - 10.0 3 12 44 44

10 - 15 10.0 - 31. 6 .. 10 SS '0
15 - 20 31.6 - 100 5 227 237

20 - 25 100 - 316 289 296

25 - 30 316 - 1,000 315 335

30 - 35 1,000 - 3,160 298 308

35 - 40 3,160 - 10,000 26.8 280

> 40 > 10,000 e 8

TOTAL 17 47 1,593 1,657

Figure 12-6. AD-HDTV power level distribution.

12.3

12.3.1

ECONOMICS

Cost to Broadcasters

The estimated equipment coSt for an AD-HDTV transitional station is shown in PilUle 12~7.
The total cost of the transitional station was estimated to be SI,78S.500. The total cost of a
minimal station was estimated to be $1,169,100. A general description of the methods used
to develop the cost data is contained in Section 8.2.1.

12.3.2 Cost to Alternative Media

Information on this topic was not provided.

12.3.3 Cost to COI1RIIMl'S

The estimated material cost data for an AD-HDTV receiver are shown in Fipre 12-8. A
general description of the methods used to develop the cost data is contained in Section 8.2.2.

Using a 2.5 multiplier, the resulting estimated retail price for a AD-HDTV receiver is S2,515
fora 34" direct view receiver and $3,805 for a 56" projector receiver.
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~}... Cost (dIousands)

SaIeWte. '-vcr.,~. Decoder $ 13 .5

CIwIcter GeaerIror. Sd.11 StOre. Two 28- Moaitors 200.0

Routiq Swirdier (10 II 10). Master Coattol 125.0

2 ATV VTRs ..Moaitors 170.0

NTSC Upc:tOIMlIIr. iacludiaa u. Doubler 19.0

ATV-to-NTSC DowacoDvener 15.0

34- MoDitor. Scvn .,- Monitors. Eight Decoders 110.0

ATV EDCOder 280.0

STL Subsyltem 92 .5

ATV Modulator. ATV Exciter 35.0

Ary Tn_iaioll Subsystem 725.5

TOTAL COST $1,785.5

"I
I

Figure 12-7. Equipment cost for an AD-HDTV transitional station.

34· Widescreen S6· Widescreen
Subsystem Direct View Receiver CRT Type Projector

Si,aal ProcessiDJ CompoaenlS $ 127 $ 127

Audio Amplifiers. Spakers 30 30

ScaD System. Power Supply. Video Amps 63 176

Display 700 1,050

Cabinet 90 140

TOTAL MATERIAL COST $1,006 $1,522

. Figure 12-8. Material cost data for an AD-HDTV receiver.

12.4

12.4.1

TECHNOLOGY

Audio/Video Quanty

In video subjective tests of AD-HDTV, the system performed consistently across segments of
test material with no difference between still and moving materials. For 8 of the 9 stills and
14 motion sequences. AD-HDTV was judged. on average. to be about 0.3 grade lower in
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quality than the 112S-line studio reference. The remaining still, electronically generated. was
judged to be better in quality than the reference.5

Problems were noted when the system was tested for video-coder and motion-compensation
overload. No significant problems were reported when the system was subjected to scene
cuts, noisy source material, and to a sudden stop in motion.

During system-specific tests, expert observers noted that the audio remained useful, but not
unimpaired, over the range between the SP and HP thresholds. There was no evidence that
th~ audio system failed before the accompanying video.

12.4.1.1 Video Quality

•

I

•

Subjective judgments of image quality by non-expens are summarized in Figure 12-9. Scores
are the differences between judgments of the reference and judgments of AD-HDTV for 9
stills and 14 motion sequences. For 8 of the 9 stills, AD-HDTV was judged. on average, to
be 0.3 grade (Le., about 6 points on the loo-point scale) lower in quality than the 112S-line
studio reference; for the remaining still (SI4), the system was judged to be 0.9 grade hiper
in quality than the reference (this may reflect reduced visibility of interlacing artifacts in .the
AD-HDTV rendering of this picture). For motion sequences, AD-HDTV also was judged.
on average, to be 0.3 grade (Le., about 6 points) lower in quality than the reference.

AD-HDTV performed consistently across allleglDlDtS of test material. Diffenmces~
from -0.1 to -0.7 grade (not counting SI4). 1lte varilbility lJDOoa viewers wu consilleDt
across materials and within accepted limits. &pen coJDlDOJUal'Y, supported by reports fiom
the non-expen viewers, attributed the small differences betWeen AD-HDTV and the reference
primarily to quantization noise (experts judged this to be at a level low enough not to be
objectionable to non..e,xpens.) Expert observers DPIId III additional artifact for rapidly.
moving images, which sometimes showed jerky motion, severe blockiness, and contouring;
sometimes the images would appear to break up.

The results of objective tests of static and dynamic reIOlution show slight losses in vertical
luminance resolution at high rates of movemellt.6

When subjected to noisy source material, adding noise to the source simply made the image
noisier, except at the highest levels of noise where the picture exhibited a freeze frame effect,
or highly visible blocks and jerky motion.

5 See Section 8.3.3.

6 See Section 8.3.5.
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